Introduction
Recently organic electronics has been attracting attention because of low cost, flexibility and light weight. Vacuum evaporation method with a shadow mask has been used to prepare patterned electrodes for organic electronics devices. There is, however, a problem to obtain fine patterned metal electrodes; it requires a complex setup of shadow mask system in a vacuum chamber.
We have reported the selective Mg deposition on a phtochromic diarylethene (DAE) Selective metal deposition can be applied to prepare fine electrodes by a maskless evaporation method [4] . In this work, we report metal patterning with maskless evaporation using soft polymer patterns. Undeposition for various metals is achieved on low Tg polymers. Cathode patterning of an organic device and preparation of thin film fuse are demonstrated.
Metal undeposition effect
A core phenomenon of selective metal deposition is a metal undeposition effect on a low Tg surface. We can, therefore, expect that an analogous undeposition effect for various metals is able to occur on low Tg polymer surfaces. We tested Mg and Mn deposition on polymer films with various Tgs, including Si-rubber (Tg=-122°C), polypropylene (PP) (Tg~-12°C), poly(butylmethacrylate) (PBMA) (Tg~15°C) and polystyrene (PS) (Tg~100°C). The metal was evaporated onto the polymer films at a deposition rate (Rd) of 1.0 nm/s. Mg was not deposited on the Si-rubber and the PP film, as shown in Fig. 1 , but it was deposited on the PBMA and the PS films. Mn was, however, deposited on the Si-rubber (Rd=1.0 nm/s) despite lower Tg than that of PP film. This unexpected deposition property suggests that the concept of Tg is insufficient to discuss metal undeposition effect. We should, therefore, adopt a direct characterizing method of surfaces.
A surface physical property of these films is characterized by AFM-Force curve (FC) method. The FC of Si-rubber showed elasticity, while it was viscous for the PP film, as shown in Fig. 2 . This result means that Mn is harder to be deposited on a viscous surface than on an elastic one.
Next, we studied the metal undeposition effect on a polydimethylsiloxane (PDMS) (Tg=-128ºC) film. PDMS has a very low Tg and a viscous surface. We can, therefore, expect that various metals aren't deposited on the PDMS surface. First, a PDMS film pattern was prepared on a glass substrate using a stamp. Each metal was evaporated onto the PDMS pattern. Figure 3 shows the metal-undeposition effect on the PDMS film, in which the horizontal axis is a metal deposition rate. Mg, Pb, Ca and Mn were not deposited on the PDMS film at a deposition rate of 10 nm/s. On the other hand, Al, In and Ga were not deposited on the PDMS film at a rate of 0.01 nm/s. The metal-undeposition effect would be applied to prepare metal pattern in various fields of industry. 
Application of metal-undeposition effect on PDMS film
We tried to apply the metal undeposition effect to a process of cathode pattern preparation for an organic EL device. In the left of Fig. 4 shows the organic EL device structure using the metal undeposition effect. The organic layers (NPB/rubrene doped NPB/Alq3) were prepared on the ITO substrate by a conventional vacuum evaporation method. The PDMS pattern was made by stamping on the Alq3 layer. Then, Ca and Al were evaporated onto the surface at a deposition rate of 5.0 nm/s and 0.1 nm/s, respectively, in turn. The right figures in Fig. 4 show the cathode pattern and the emission pattern from organic EL device. The patterned emission according to the cathode pattern was successful demonstrated.
Next we fabricated a thin-film fuse using the Pb undeposition effect on PDMS. PDMS pattern was prepared by stamping on a glass substrate. Pb was evaporated onto the substrate. As a result, We obtained a thin Pb pattern with a thickness of 150 nm and a width of about 100 µm. When we applied a voltage to the Pb pattern, the pattern melted at a voltage of 3 V and the current was broken, as shown in Fig. 5. 
Conclusions
Undeposition for various metals was achieved for the polymer films that have a low Tg and a viscous surface. The metal undeposition effect was applied to prepare metal patterning using a maskless evaporation. The Ca cathode pattern of the organic EL device and preparation of Pb thin-film fuse were demonstrated successfully based on the metal-undeposition effect. The metal undeposition effect is expected to be applied in various fields including organic electronics. 
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